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Abstract: 

There are provided a mobile communication apparatus including a 
transmission/reception multiple antenna and a communication method thereof. A base 
station of the mobile communication apparatus restores long-term information and short-term 
information decided in a mobile station reflecting a first characteristic from a feedback signal 
received from the mobile station, spatially processes private physical channel signals using 
basis information created from the restored long-term and short-term information, and 
transmits a sum of the spatially processed result and pilot signals to the mobile station. The 
mobile station includes at least one transmission antenna. The base station includes at least 
one reception antenna. The first characteristic corresponds to the characteristic of a 
downward channel for each of the transmission and reception antennas. Therefore, since 
long-term and shoit-term information to which the downward characteristic of a spatial 
channel is reflected are fed back from a mobile station to a base station, it is possible to 
minimize the influences of fading, interruption, and noise and maximize the amount of 
transmission data. 
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S.4fe £ lofl 7112, ... SE.^ ;«llX o]^^^ ^ ^-goj) t!" ^^''l <>fl2l l-S^Solcf. 

E 7^ E 5ofl EA]^ ;m92 i^^^lofl tfl^ .g. ^igofl -gAlo^l-I- >i'^S>7l ;*>e ojcf. 

E.9^E4'^| EA]^ 1^71 ^^^^^^ •g-^'^ofl 2lt!-^>^l<>fl3l -i-s^S-Olcf. 

E lOfe E 2<H1 EA]^ ;ql32 cj^joi) c})^V ^ ^igofl 2l*V ^a)c^1# ^«^«]-7l ^S^^m^lcl-. 

E. S. 1<H1 EA]^ 71:^1^31 ^ ^^ofl Slfb <a -^^HISI #^H<ilcl-. 

E 12fe E IC^ S.Al^ ;^1152 ^;^H cfl^ .g. ^i^ofl -a^H* ^'g«>7] ^Itb ^^.-f^VHolc]-. 

E.13-8: S IT^ £Al^ BflclAl^i -g- ^'gofl ^Alofls^ .g-g^^oic^. 

E. 14^ E 13<^] EAl^ uflolAli 5t n^^^^ -g- ^'^''fl ^t!- ^^1<^121 l-ejE.o]cf. 

H 15fe E IS-^fl S.Al^ Hfl<ilAl>, ;^1AV.^S1 ^ ^"^ofl fil^ ^Al<:fl2] ^S^H^lcl-. 

E 16-a: S. lOofl £Al^ ;«fli54 ^n<^ cfl^ ^ ^-gofl 2)^ -gAHl- ^^^7] ^S.-9-^}^o]^. 

E 17^ E liofl EAl^ olE. 3:^^21 ^ ^i^ofl Sit!- ^^1<^121 IrSlEom. 

E 18^ E noil EA]^ HflOlAli -g- ^'gofl ^AHlSl ^Bl^OlCl-. 



^Hcfl <^1-^ -f-^ Al^efl o. PCS o]:^ ^Al ^el ^.4 Jl^Sl OlolEll- ^=^t!-cf. -B-^, "S^^ ^]^7] 

•S-^^I ^ tfl^ cff' ^^(W-CDMA:Wideband Code Division Multiple Access) «c}-^*, -f-?] f}- 

^91 CDMA-2000(cl-^ ^'^^^ c]-^ -^-aI fl-^ ©.S. X^^Sj-ja Sli^. 

<a«}-^ o.^ o]:^ Al^iUj o. ^ 71^1^^ -f-Sfl o^e^ oi:g.^^s.o] ^Al^Vfe ^EflS ^A^^^f. <^1-S- -i-^ Alib^oljAi 
eilolEll. ji^o.^ ^^^7] ^sflAi 2)1 ojxy (fading) 3)- o]^ ^D^s] s-A^ofl 4=. ^ aJ-^^V^ 

«H, olel^ c1-<»lHl^lE| U-^i]*^ S>q-?1 ^:?}- cfoliilAlEl(space diversity) iJ-^-a: 9^^* 

» ^^^^S. AV^t!-cl-. oJrEflul-l- ol.g.sH 511<^1'3* i:^<>lBl^lEl '!J-i]f' ^^^'EiSl -8-^^ ^ol7l ?1 
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^iilAl7l7l nfl§.olcf. Jfllong^ ^ ^4*1-71 ^«flA-1 c^Bl 7H ^ojUlAlE] 7l#ol A>^^4. -^vJ:^o] QDMA 
^B'is^ ;^l<a ^Ai.((ie(ay spread)* oj-g-sll c+'^l'H'^lEj sllo]a(Rake) ^-tl^]* ^fl^sl-Jil Si^l-. ftll<^lS 'r^'il 

^!-^(lnterleaving)2)- 3.^-%: T^o]v]M^(time diversity) S-l-Bl ^H.e11 = (Doppler spread) 

Ml ^B^is)- 5.1-el ^11^<;I ;*fl^oflAi J^oji^^ ^4«|-7l ^1«fl ^:?V cj-ol A] e] 7f Af^^cl-. i:1-o1h1a1 

E)^ 711 <^1^S1 A>^§>^ »S-^^S.Ai, 'LVEflM-'^ ^5:7> anolT^oj] o^sfl ^ifl^ y^o.^ t^- 

€• "jVBim-* Ol-g-Sfl =L ^S.^ ^^t}^ «J-<^<^m. CfolBlAlE]^ ^VEfll4# Ol^*>^ ^Al OjEim- Cl-OlBlAl 

ElS}- <^l-§-*>fe =1^^ °J-Bllul- CfolHlAlElS M-^Cf. 0]^^s:\ ^^a!f al -g- ^^oflAi oJeHu}. 

Cl-OlH^AlEll- ^^l«1-7l ^1-71 llfl^<>fl, 7l^l^Sl ^VEjm- CJ-oHHaIeI A>^o1 Tq^g-^i:!-. 

^Ai oVEflq- cfolalAlEl^ ol-^^o.5.«.Ei cl-o. ^H(downllnk) ^ii* ^Ixj^o] ffl^ 3^^=£(closed loo 
p) cl-^lHl^lElfil- 01-^^o.^-f-El 7l;=^l^o.^ n^o] 7ll^B(open loop) CfolHlAlEl7> $X^. 
0]HlA]Elfe ol*^<^Al ^1)^21 ifl^al- 37l# ^^al 7>^^m ^^cl-. 71^1^^ ^11^31 3.7]^ ^ 

^§1-71 ts. J^<a^ iLMl-^l: ^>ci-. ol^^^^ Bl-<a51 -f-^ 3.7] ?J ^H^^ 

^^t}lL ^11^21 S7l ^ ^ilS^E^ ^^3] 71-^^11- #^cl-. 

tb^, ^>«im- Cl.o]BlA]EloilAi ol-Blluf ^7> ^7H1-^ Cf-^lHl^lEl JL^)- ^ tfl ^-g-H}^ Tfl^ «=^Sl^l^h 1^ 

OlH^AlEl 7ll>a ^Sfe- 7l;^1^0flAi A>^SVfe "a-eflm-Sl 7fl^(afe, A]J:7> ^i^Slfe :^S)7> f^7>^oll Itl-Bl- 

^'^l ^HA] H>#3l^ wj-igoiei-:!! ^ ^ gjci-. 4el-A^ i^o]h1a1e1 3:4» 7llAi^l7lfe ^a.cl- ai^s^ 

^rt^Al7U ^^21 til ^-B-al* ^tH^>^l7l^ ^^^S. 7ly^l^oflAi >^>-8-«|-^ ^BilM-Sl 7fl^» #7l-Al7l 

^ 5Jol H>^Z|S>Cl-. 

cl-olHlAlE] ^^J: o>qel. ^vaj ^ ^^ofl sl^fl ifl:^ ^±7} '^*j=* ^liS^Al^lfe «J j^j-^s jtbI*}- ^ 
^ ^-i- ol^lWl(arrary) a1>Ji^^ t^^g- ^i°J(beamforming) a1^^ ols]. ^cf. ol nfl, cI-oJuIaIeI 

^ n>^7HS. «>l-8-*>fe ^]^^-%: n^S. nl-g- ^3 UX'S Al^-e^ oIhI- ^r\. o]^^o.s.^b\ 7l;^l^o. 

n^s]^ oi-g-s>fe i^^s 4-5: ^3 "J ^i^^-a-, ^ms] a-oi f-^si-Tii ^s.^o] ^ 

^fl'd ^iL2l ^^1- ^ tiJ-^SV^l *«)1 A^^^ ^^Al7lfe ^a-^cf. 

-fi-^ «o^^ IMT-2000 a^^l- ^^1<?1, 3GPP(Generation Partnership Project) R(Release)99 27)1 <?>Eflul-l- 

^ ^t!- 5^ cfolulAlEl »a-A] o.^ "il-tflM- <Hsfl<^l(TxAA) S-S. ^ ;^l2 S.^^ ^B^^l-Jl $X^. <^7] 

Ai, TxAA i^7lol.o)lA-l ;«fl<a-^ ^ <?>Efli4-i-2l ^^*><?}-^ ffl^Al^l^S. TxAA ^^]2 S-B.^ 

ollAi 5J = oVEim-l-Sl owe!- ols.£ ?fl$Al^cl.. JxAA ^^ SL^ S ^12 SH-fe -B-^ 1}-^ I 

MT-2000SS^<y UMTS(Unlversal Mobile Telecommunications System) aI^^^ ^tb 3GPP«»llAi 
'3>H1 (specification) ofl 7llAlslcH ^t\., 

n cl-<^ltHAlEl Hj-^Sl TxAA ;H11 S.E. £^ ;^]2 SH.^ ^^eflol <?>Eflx41- A>^s>nl oleflol 

•Jl-EllM-i- zl-zl-°l| nl-^ ^ifc»^=(complex)il:oll ^^^i}^ 7}^^]% ^7l-*l-£^ ^^^«cl-. o]^]o] -^VEflt+ofl ^i^j-s] 
^ 7>f'^lfe ^^s!\- ^Tim St^S-Ai o)|»»^w = h '{wfifh^ ajElolcl-.)* Al-^tl-cl-. c]^, ^i>]?n] 
S. K^]^ ^Ell- SAlsl-ji, ^-g- #>5tl^is. 5.Al5|;^l i^el-* iAl^cl-. o^71a1, h ^ o]^^] 

^°li w ^"^^ o1efl<^l 'Hn^ 71-f^^l ^Eloicl-. 

<aw|.^ ol^f. ^A] AlA^^s. ^ ^sl-4^ ^#?J|:A- (FDD: Frequency Division Duplex)* A>-g-sl.^ ^J-^-g: ^1 
^11^2] ^Ajol cl-571 nfl-g- ofl 7lAl^o)lA-l ^11^( h )!• ^7l ^SflA-l ^fl ^ JgiL* ?-fl«:Al?l 
°> ol* ^«11 TxAA S.^ £^ >112 S-S^ ^11^ ^ja.( h )S-¥-El ^SWl € 7>^^1{ w ) ^JS.* ©l-f-^ol 

T^«H 7l;^l^o.^ a.v11S.^ T^^^sl-H Sic)-. TxAA ;Hll S.Sfe 7l-^^l(w =[|w 1 |exp(je 1 ).|w 2 lexpoe 2) 

])(w 1 21- w 2 ^ iii^5i-<»m.) ^ji ^'S- e 2 -© 1 ^^"0: ^ «a=j^v^«i-<^ n^-^]^^. 

'S^a^ It /27> S\SI <3=^1-^ ^^fe ajcfl 1: /47> ^ai^. ^i]«-2l a^A^l- ^^171 ^811 nil ^ Hie 
* f' t!- «1S^ ^S^(update)«1-fe ^^fl (refine) •g-'S 1- A>-§-t}-cl-. ojl* -f-^ ^ Hi ss.c| 3:^o.^a-1 {b(2k), b(2k-1 
)}, {b(2k), b(2k + 1)}(<^7lAl, bfe Dfl #*(slot) ^^S. ?ll€-s)fe «1B« 2lnmcl.)ol 7l-^5l-£S. ^vd-. TxAA 
;^12 7}^^] :^S.3\ ^A^ ^l^sl- 01^^ a-?- ?-imAl^cl-. $]^^ 3H1HS. ?-ll^Al7lji ol=.^ lOlS^ 
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?l|«-Al^Cf. V^S\^^, ^^2] ^-aS^ ,1 /40l^ «y:^>^ S.^^ ^tli\Ti /87> ^Cf. JL^^^ ^ fe^^l^l ^ Sfl nfl ^ 

^ 4H1S ?l HIS"?]: 75A1«>^ ^S.^ (progressive renne)2.= * ^>-g-t!-^^. ^^1 a.S.«>l|Al z^• Hje-c- 
aflolA]>;(basis)al st^l ^Ife ^^1 S-^fe ^b1^ ^^1 ^fec^-. 

TxAA as. ^ 7iH2 2.=fe <;>Eliq- A]^;?l-(space-time) isfl^Sl i41 t+^s)- ^Sr 

cl-g-^S, oJ-Eflul-l-^V 7iBl7> f-^*] ^JiSl^l z^- «LVEflu|-2l ^^"4^ ^^5Kcorrelation)ol ^7>^i^. oI^tII 

^ol£ ji^ o]^^] ^:^d\]A^ .g^7> <acHu|.;^l ^^1:+. S>;^1°]: TxAA >Hll2.E. 5J ;Hl2 SLS^ ^J^^V ^fl^^ ^ 



"S.^^^ ^^21 <g*J:l- 2l4.2^S>J7 dJolE]- ^cflSl-Al^ ^ safe ^/^^ ^Jrtimi- i^SVfe oi:s. 

^ «<^^* ^i^«>fe cii sac^.. 



^.^a) ^A^ ^ al-^ 

-^■71 4^11- oi^7l ^n. 71^1^ ^ o]^^^ i^s]-fe ^ Ir^gofl ^/^Ai c^-^ <?VEflu|-* i^-^m <^1^ ■l-'il 

^J-^lfe, ^7] 7]^]^-8: m ^-^SH ^7] ol^^oflA^ ^7) ^ ^3:71 ^Ji*^ ^7] o]^^0_S.:^^ ^ 

-tl^ 'tIJ:S.-^El 4«*>31, ^7l ^ 'S-^] ^7l ^iLl-S-^El AjAj^ iJl]olAl>ii o]^s|.o^ 

*2l ^fl^ ^^^6.^ ^lBl«>:iI, >a-7l ^^V^ A^Hl€ 142)- AlJll-^ 7>Al-^ ^^Jj-l- ^7l Ol 

^71 4# J!)-^fll. 01^7) 2jol£ Sl-q-Sl ^Al <?>E)m» 7]^]^S)- ^o]s. S>q-o] oJ-Eflut-l- 5)-fe o]^ 

-i-^* ^^sl-fe ^ ^igoll sit!" */^^ tl-Eim-l- o]^^^ c,]^ ^Al Hj-ig o.^ ^71 ^Al ^ ^VEfl 

^Ait!- ^s-s.^^] ^■^^SL. ^7] ^7] ^ >a-7i ^7i ^j4-i-s.-¥-Ei ^s^ati- «ii<^i^ii ^^l* oi^s>o^ 

^-8- ^11^ Al J:^^ ^^^0_S. ^B]t}jL, ^7] ^^Vaj ^^21^ ^alffif ^SL** 7l-AV«H '^■71 ^1 

<»1S1-, ^ ^-^"Hl s]^ ^/^-il 4^ ^>t|]m- 3L^*|-fe ol-f- -i-^ ^^121 ^ A^ ^ ^ ;a-^l<H]Ai ^^s]fe ^ 

^•a-^ sit!- -i-^il "fj-^^ ^■¥-tb ^2:SVo^ :g-ol -a-^ti-cl-. 

H l-a- -g- ^'3'^ alt!- ol-f- -f-^ ^:*121 7m^9l -i-S^tS-Ai. 71^1^(10), ^1. ^2, ... ^ ;Olx <»l*^l-(20. 22, ... 
?J 24)S ^^d«cl-. 

£ 2fe S l^ll :Ea1^ oi:S- f-Al ^J-^loflAi ^^Slfe ^ ^igofl o]:^ «^vig^ ^'g«l-7l ^t!" #S^:^>HS.a-1, 

1-sl ^11^ 't!J:(DPCH::Dedicate Physical CHannel)^2f at^'S^H ^J:*^ 7>aV*>«:>^ ^^SVfe ^:^Um2 ^ 
7\])S. ol^ol^cf. 
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£ lofl S.Al^ ~ TflX o]^^^{20. 22, ... ^ 24)^ '^^S. ^'U^ 7]^^ t^^SM, o1-S-^(20, 22, ... Sfe 24)-ar 
^Al oj-tflm- ^ji, 71^1^(10)^ 2i<H£ o>Ei]q.$ <>1 "a, <>1^^(20. 22. ... S. 

H £Al^ 71X1^(10)^ ^71 « ^7] ^.ai-l- 01:^^(20, 22, ... 24)^S.-?-Ei ^^l??- ^ 

^§)-Jl, ^J-71 ^ ^7l A^^atl- ^]o]^]^ ol^g-sj-o^ #el ^11^ ^X(DPCH)1-* 

^.S-S. ^^B^sfji, o.^ #el ^11^ sl-'a^H All:(PiCH:Pllot CHannel)** 7}-^}:^ 

» o]^^{20. 22, ... £^ 24)^^ ^^^^(^]32 ^^1). <H7lAi, a^-'a^H ^S.[P j (k)](1:Si^B, Bfe °>b|]i4 
2^ 7ll^SAi lol^a-sl <a=s] ^T^l- H-El-'it^..)^ ■g-.g. ul-'a^E A!:^(CPICH:Common Pilot CHannel), ^-§- s\- 
"gS^B ^fl^ ^S(DCPICH:Dedicate CPICH) 2:*> ^ Jl(SCPICH:Secondary CPICH) 

7> « Slcf. 

^ ^-^ofi 7i^i^(io)oi ^#^v uv^l- .g-aj-^ 4= sXs.^ ^ sii^^, 2^cH:e «:>i421 ^Ai ojEimi. 

^ 01*^(20, 22, ... ^ 24)^ ^tt^t!- ^EflS.^;^! ^ 5a^. ^, ol^^{20, 22, ... 24)^ 53 ■?> 

EllM-^ ^s1|^(downllnk channel)2] ^a^[o]§1-, ^11 ^^^( H tbcl-.]H7lAi, h ^ 1ilom-.)(<^l«>, ^ 

-S^l^l^. SA]^ SAls>J7, ^o. SAlE)^] ^J-a- ^^^^^ SAltl-Cl..)^ St'a*}"^ ^7) s ^ 

7l ^iL** ^^a^ 4^ 9X^^ ^cl-. ^ "^^-tl ^1-111141 ^11^21 ^^^( H )<>1?»-, 7l^l^(io)-5.s.-?-Ei 

ol^^(20, 22, ... 24) ^11^21 3711- 2lnlt!:Cf. r^, :^]]^ h )2l <i(column)-er 

71^1^(10)2] #Al o>Bim-oil ^i|^_g. ^>35|ji, ^(row)^ ol*^(20, 22, ... afe 24)21 ^aI <?l:tllu|.ofl 2]^ ^fl 
^S. ^A^«4. ^, H 21 ^ A^^.g.^ tVElH-oll 2lt!- *?]:<^ cfl^ <g AJ^*^ ^Bflu|-o1] sl^V ^ 

^Vofl cH«(| i^Sll:5li:l-. 

■^mOl, <^l-S-^(20, 22, ... 24)^ 7l^l^(10)A5.^El s^-a^H ^Sl-^-?-El ^^H ^a^( H )^ #^*]-S, 

^^^( H )^S.-?-El «J =^=Ai ovtiiq-^ ^11^21 ^A^^ ^<g^ ;a-7l ^Ji2l- '3:71 ^iL» ^^*1-J1, 

^^Jg 'S-?] ^ ^7] ^iL*i- AisLS. 7]^]^(^o)^s. ^^'^'^(^130 ia-?il). 

^ ^<gal olsfll- §71 ^SJl, ol.§.^(20, 22, ... afe 24)21 -^aH] ;^]30 1^:^]^ ^^t}jL, 7l;^l^(10)2l -^aH] ^ 
^132 ^/^1» ^#^cl-. 

°lsK mo ^ <^1*^(20, 22, ... £fe 24)011 t)!?!- ^ ^•gofl aitt ^AH]!-^ ^"-t!- £^1:^ ^Sxt}<^ cf^^l- 
^o] ^gig^cl-. 

S. 3* 2. a-^n S.A]^ ;(1]30 ia-;flo1] cfl^ ^'^ofl ^AH1(30A)» ^'g«1-7l ^ tH-S.4-^>H^Al , ^a^( H 
)!: ^'SsVfe ^7jl(^1l40 ^711), ^11^21 ^J-71 ^ CI.7I ^iLlr* ^^S}^ 'a-^(^42 ^ ^44 ^Tfll-) ^ ^7] 
^ ^7l ^a.-!-^ ^^t}^ ^^](;Hl46 ^^S. o]^o]:^y^, 

S. 4^ £ loll £Al^ ;H]2, ... £fe ;^lX ol-i-^(20, 22, ... 2.^ 24)2] ^ ^«goll 2lt!- ^aHIs] 1-^iE^A^, o> 
tllM- <Hefl'^l(60), ^fl-i ^A^ ^^^00). ^J-7] ^.a. ^^-^(72), ^7] ^Ji ^^-?-(74), ^€-¥-(76) ^ ^S. 4« 
-¥-(80)S^A^€cl-. 

£ 4«>I1 S-Al^ -eVEllul. ole|lol(60)fe M(c«l7lAl, M-g- 1ol>S-2l <g=2l ^g^olcl-.) 7fl2l ?>i^i4f62, 64, ... ^ 66)« 

^Ji, 7l^l^(io).2-S^Ei ^^^0.3. AlJ: ^el^ ^-S- #e1 ^B^ -il^-i-i!!- ^^-a^H ^3:9 "fl 

, ^11^ %^^(70)^ 7l^l^(10)^S-¥-E^ ^4^sl^H ojEflM- olellol(60)» -f-Sfl ^^-a]^ ^3l-i-S.-f-El ^fl 

1 H )!- ^^*>Dl, ^'S^ ^111 ^^^( H )-2.S.-?-El 4^Al ^ t}-Bllu|.^ S>*j= 511^21 ^A] ^A^[ol*>, ^] 

2 ^A^( R )o]Bl- t!-!^.]^ m ^o] ^S^jt}3.. ^12 ^A^( R )* ^7] ^il :a^-?-(72) ^ 'ft?] ^ 

^^-¥-(74)5. ^^ #^t!r'^(;<ll40 'a;Nl). o^7]Ai, ;^12 ^A^( R )-£- B XB «8«<*14. 



R=h"' H 



^UO ^7l]:f o)l, ;D-7l ^Ji ^^-^(72)^ ^B^ ^Aj #^-?-(70)oll^i ^]2 ^Aj( r )o.s..^e1 ^7] ^iL^ll Sflt 

«m -^JLt!" ^71 ji-B- aiEi-i-( Q LT )^ -B-JLt!: ^71 Ji-B-ai-C A lt ^^«>^. -n-i^t!- ^7] 51^ 

^( Q LT )^ -S-Sl^ ^7] i-a-St^( A LT )* 'S^l «=a-¥-(74) ^ ^± ^^^(76)5. zl-zt #^t!-cl-(;Hl42 ^ 

^1). «H7|Ai, ^71 ja-frsJt^ ^71 :[L-8- «|E121. ofl^ 7>^H. -S-Ji^ ^71 "B^slfe ^7l jsz-fr 
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£ 5fe 5. 3°11 ^142 i&Til'^ "Cfltt ■& ^'^ofl <a ^'^]<^1(42A)* -S'SSl-?! ^>SS.Ai, 

£. 6^ S. 4°D £Al^ ;a-7l ^^•¥•(72)31 ^ ^tgofl -^a] ofl(72A)Sl #e^HS.Ai, ^f^^OOO) S jl-fr ^-M 

-B- 7i]^V^(nO)S #^^VnK7ll90 ^:^). c^7]^, m R LT ) ^. "P^^ R lt (k)]fe ^4* ^^J"^ 2 



2 

Rlt=E h" . H=E R ^ Ri,T(k)=pRi,T(k-l)+R(k) 

—1 I 



°^7]^, p °J-z}- >a-T=^(forgetting factor)* M-^fiflJi, kfe oIav^^o] a]:^^ ^-b^^^. 

^190 Jl^h ^l<i^(110)fe ¥^^(100)S.^E.-| <a^t!- ^13 ^^^( R LT ^^'g(EVD:Ei 

gen Value Decomposition)<>ll s]7]^}'^ ^J-7] ^^91 -^S.^ ^7] i-B- «lE-1-i-( Q ) ^ -n-JLtb <9-7l :n.-B-Sl:l-( A 
LT ^J)^^s>:a, ^S^i^ ^3l^ ^J-71 ji-B- ^e1i-( q lt )^ -^^^ ai-B-S)t-i-( A lt 'S^l ^ji ^^-^-C? 
4) 5J ^J: ^€-¥-(76)5. #^^c1-(^l92 'cb;^)). <H7lAi, ji^ ^^^«>il cfl«llAife Matrix Computation ^]^^ 
S. G. GolubS?- C. Van. Loan <fl S]^ f!^(London)o11 ^1:^1^ cfl^(Joiins Hopkins Universi 

ty) #^^1-01) o^sfl iggeidHofl ^o)i 7flAl5)<H s^cf. 

ojSK £ soil £Al^ ;«fl92 ^Tll ^ £ 6<K1 HAlJg ji^ Tll-a-^-0 10)21 -g- ^^<^ 2]^ ^^H*^ cf^o!)- ^o] 

£ 7^ :E 5o)1 E.Al?l ;(fl92 tfl^ ^ ^"g-Hl Sit!: ^Al<:^l(92A)* ^'^S>7] ^ t!" #S.^*>BS.Ai, ^^7] Jt-fi- «1 

^71 Ji-B-SJtl-f' «IE1^3F -8-3:^ SJt*^ ^7l ^iS-^i >a^«>fe ^}:7Jl(;Hli20 ~ ^Ii24 ^a?}]*)^ 

£ e^fl £Al^ Hl-2f :y-ol, ;^]^-¥-(110)^ ^ 7^ 5.Al^ ^Al<^](92A)-l- ^«8«l-7l ^Sfl, JL^ ^^-¥-(1 

12). «|E1 ^ 7)1^^(114) ^ Aiej.^(n6)s. ^ ^r^. 

;^fl90 ^;^l^oll, Jl-B- ^^■?-(112)^ ir^-^(100)S.-¥-E^ SJ^^- ^13 ^a^( R lt ^^?!: ^"B" ^ 

A^'^oll 2]71§><H M7I1S1 ^J-71 Jl-B- «ilEl-i-( q 1 ~ q M )^ M7l]Sl ^7] JL^^^K 1 - X M ^S^^«>:il, 
M7))21 ^7) Jl-B-atl-CX 1 - \ M 7ilAl-?-(114)Sl- 'aai^(116)S. M71121 ^71 Jl 

-B-^El-i-(q 1 -q M)*'5de}-?-(116)S#^^i=K;Hl120'a7(|). 

^1120 ^7il^<H], ^ ^l'a-¥-(114)^ ±^ "^7115^* ^^^}^ ^7l Jl-B-Sitl-Sl 7fl^« ?>-g-^S>al, ?>^^^ 1 

21-lr -B-Jl :il-B- «1E1^(N B -B-Jl JI^ «1e^^(N b )* ^«l-¥-(116)S. #^t]:CK^1122 ^7^1). 

^SB, «1E1 ^ 7ilA}-¥-(114)fe ?l-^Ei(Dl£Al) Oj-^S sic]-. O) nfl, -aTjlSt-g: 0 <H1 eA>Ja Sit^^ 

^1122 '^711^011, Ai^«-(ii6)fe ;H11 Jl-B- ^^^(112)S.-^E1 SJ^^^ M7fl2] ^^-7) i-B- ^Eil-( q , ~ q „ 
^-S-o] ;Hl7l« -B-Jl Jl-B- «|E1 ^(N B )^>#^ ol-B- «lEl*( q i ~ q nB )^ ^«i«>:il, ^1 :il-B- ■§■^^(112) 

s.^B] <Q^^ M7fl2l ^7i ji-B-5H-(x 1 - X M ^-S-*^! -B-i oi-B- ei|Ei ^(n b ^J-^l ji-B- 

5]tl-(X 1 - X NB )* ^^SM, AlSj^ ;a.7l q , ~ q nb )S. o] ;a ^Ej*^ -B-SLt!: ^7) Jl 

-B- «lEl-i-( Q LT j^'H, -asi^ ^71 Jl-B-Sl:*(X 1 - \ NB )^ ol^ol^ -B-Jl^ ^7l 31-B-5J:*( A l 
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^142 ^Til^ofl, ,3.71 Jga. ^^-^(74)^ ^11^ #^-^(70)S-¥-El -a^l^ ^12 ^^^( R )3f ^7] ^Ji ^i^-f- 

(72)s.-^e1 ^7] 5gji(Q LT ^ A LT )^^^ ^^-^1 "^^"^ n'^n^ :si-B- «1E11-(Q ST )^ :a 
A ST )* ^7] ji-^ «jEll-( Q ST )^ 'a-^l Jl-8-5JI:l-( A ST ^*-¥-(76)S. # 

^^1^(^144 ^Til). 

ol*>, iE. ^144 ^ £ 4'fl S^l^ cl.71 ^Ja. ^^-¥-(74)31 ^ ^^ofl ^ -^A] o^l-g.^ 

£ 9^ £. 4°11 cf7l ^^-?-(74)3l ■& ^"gofl ^Alo^l(74A)fil ^7] ^S^^-¥-(14 

0) ^ ;H12 Jl-fi- ^^-?-(142)S. ^^a^ai^. 

^]42 ^Tii^oii, ia-71 ^s^j-?-(i40)fe ^11^ ^^^(70)s.-¥-Ei "ij^*}- ^12 ^^^{ r ^7i ^s. 

-¥-(72)S.^Ei <a^^V ^71 ^iL( Q LT ^ A LT )♦ '^l-S-*)-'^ ^ tl-Eim-t *V«J= ^fl^^ ^7] ^^^[ 
^4 R ST ^^.]* 3^ ""M^^. *S^i^ ^4 ^^^( R ST ^2 ^-^ ^^^0 

42)5. %^^r:^^^^30 



Rst=A'lt Qlt^ Qlt'^l 



;^fli30 m i-B- ■§■^■¥-(142)^ ^7) ^J!^^-¥-(i40)^-¥-El <a^^ ^14 R ST 

Jl-fi- ^^igoll 2l7l^H Jl-B- «ilEll-( Q ST )4 'a-71 A sT )^ "-^^ ^7] S.-^ 

*( Q ST )^ Jl-fi-St-i-C A ST -Si^ ^«-¥-(76)S. m-n^^(^]132 ^TJl). 

^1144 ^t:^l^<Hl, -tljfe ^«-?-(76)fe ^7] 1^^(74)3. -y^^ '3-71 Q st ^ A st )^ 

■¥-(72)S.-f-El -a^tb ^7] Q LT ^ A LT )* 7) ^1^(10) AS. ?fl ^rA] 7] 7] ofl ^^^V ^XS. ^€:S>:il, 

^1146 ^^1* ^^S>7l ^Sfl, ^^«(76)^ ^51-71 * ^71 :^Ji l^-¥-l-(72 ^ 74)S.^^] °,m^ ^^7] ^ 
^7] Q LT ^ A LT ) ^ ( Q ST ^ A ST )]^ i°i«>:il, Al cf^SKTDMrTime 

Division Multiplexing)*}^^, >>! c}^^^ ^41- ^5:3.^-1 <^J:t]]i^ o]'i^<^](60)% 7l;^l^(10).^S ^ 

4^^vcf. at!-, ^ *^<^1 ajsv-a, ai^^ ^^«.(76)^ ai^I- ^*i-7i 41«fl a] cfl^o]] ss. c^-f^ 

tb^, .g- ^-^ofl 21«>^, ol-f-^(20, 22, ... 24)^ S. 4<^ £.Al^ H><il. :g-ol, ^^«.(80)# C-] o>g^ 
c^cf. c^7lA^, 71140 ~ ^fl46 -S-^JSI o1:v^ Al^oflA^, Alj: 4^«(80)fe ?VBflM- <H2^1<^1(60)» -f-Sfl 

"'r'tlsl:!!, 7l^l^(io)^lAi ^.§- #e} ^eflsi ^-8- »5l ^x*^ 

ji, ^-8- *Bl >*fl^ ^:£*(DPCH )-§■ 

E. lofl £Al^ 71^1^(10)2)- £ 2ofl £A]^ ;(i]32 ^TlHl cflt!: ■& ^'3^1 t!" ^^Hl-** ^-^-^ S-^-S^ ^ 
£. lOfe- £ 2oll £Al^ ;^32 ^^o^ -g- ^'^ofl Sl^ •^Alofl(32A)» 'a'gS>7l l-S.-¥-*>SSA^, ^-^^ ^ 

71 ^ ^71 ^iLi-^ oi-8-s><^ ^-8- -1-2) ^11^ -tisi-cDPCH)^ 'a-^i(;«fli5o ~ ^1156 "a-Tfls-) 

S ^^^.^S. ^el^ 1-sl ^1)^ Ai^s-oii a|-<a^S -ilJl** 7>Al-s}fe 'a-;N1(^1158 :^])S. ol^ol^cl-. 

H ll-fr £ 5.Am 71^1^(10)31 ^ ^'gofl "a ^A]<:^lfil l-s^5E5.Ai, 4^«.(i70), «]l<:>lAl:i(basis) ^ 
^l'y-¥-(172), 2:59-^(174), m1|o1a1>i ^.§.«.(-,76), 7>aV-^(178) ^ ^tfl^ <Hiil]«^l (180)3. ^Aj^c]-. 
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S. Iiofl ^IrtflM- <=Heflf>l(180)fe o1:Eflu|.(i82, 184, ... ^ 186)# Si, o]^^(20, 22, ... 24) 

^^(uplink) ^-g- ^el ^11 ^(DPCCH: Dedicate Physical Control CHannel)^ * 
sfl ^-tl^Vai, -ilJ: ^^e^^ ^-g. »el ^F^^H ^il:^** ol-S-^(20, 22, ... £^ 24).2.s 

^■a, £ 4ofl .£^1^ ^s: ^«-^(76)7> Ai nf^s?- ^1^5 ^S^^^VSl^ 4«^(170)^ 

Ai « ci-f'^ •i}-^ ;a-7) ^ ,^7] ^a.-!-* a^^, ^«-¥-(76)7> a] cff^^ tflAio)] as. 

cl-^^ ^s^^ cl-f-^ 'S-^^^ ?■)!€: >8A^sV^^ ^a. ^€-¥-(170)^ §^ ^ x:f^ 

;qll50 "a-J^l^oll, HllolAl:i ^Ji A5A^«(-,72)^ 4^-¥-(1 70)01] Ai^^^ ^J-71 ^ ^7] ^a-l-S^El »lilolAlAi 

BflolAl^ T )2l- Hllo)Al^ D )!- ^jA^SVol, ^^Aj^ BflOlAl>x D )S.-?-El OlS.^-^ A§A^ 

«H, <^1^5t*l: -^l^ 2l^^074)S. #^*>fe ^V^, ^S^^^ uflolAli aiEl-i-(T )^ "JflolAldi "IlEi 

176)S #^^cK;^i52 i&;^l). 

ojSK £ ^0o\] £A]^ ;q]i52 ^ S. Iiofl Sa]^ uflolAl^ ^^^^^072)2] ^ ^igo)] -tilAlo^l-i-* 

£ 12fe £ lOofl £Al^ ;«)1152 cfl^!: ^ ^'^o)] ^1 tb -MaH](152A)» 'a'3s]-7l ^Itb l-S^^m^A^, 

^J-71 ^^Sl- ^71 ^ JiL» -^^^ BflolAlih T )n <»l^St»* «^*>fe 'a-7il(;*l|200 ~ ;«1l206 ^ 

£ 13^ S. Iiofl £Al^ aflojAli ^S^^-¥-(172)2] ^^^fl 2]^V -gA] fil(i72A)2] -i■S^£SA^, 't^^^2^0 

). u)ioiA]i at 7i]A):-¥-(2i2), «-'a-¥-(2i4) ^ mi^iAi^ ^^ ^s^^^(2i6)s. ^a^^c)-. 

^11150 •g^A]-¥-(210)fe 'gli ^^■¥-(170)«HlAi ^7] ^^9\ 4^ ^<^1 

^-il-sl-Jl. ^At^ W )« uflolA)^ ^ ^l^-¥-(212) ^ iHlolAliJ; e!lEi 7ilAV^(216)^ t-^ 1}-4(^l200 ^7)1 

). 



4 

W = Q LT A *"i,T Qsr A ^'*sT 



«^7lAi, Q LT ^ A LT ^ ^-^ 4«-¥-(1 70)°11 Ai ^^7] ^&S.^^^, Q lt ^ 4 ^« -^S.^ ^7] Jl-fi- BqEil- 

1- M-Efvfl J7, A LT ^ -B-J^t!- ^J-71 JJI-B-Stl-* H-Eflfl JI, Q ST ^ A ST ^ ^^-¥-(1 70)^^1 Ai 

^7] 'SJiS.Ai. Q ST ^ 'a7l Jl-a- ajEl-i-^ M-E^-lflal, A sT ^ ^"^^ ^7] JL-R-it*^ 2]-^ ^n^^. 

^1200 ^Til^-^l, allolAl^ 7ilA}:-¥-(212)^ ^fll ^'y--¥-(210)<^ Ai ^a}.^ w )S.^^ ^fl^<Hl ^^a-* # ^^-^r 

^m^JL. # uflolAli D )S.Ai ^'9-^(214) ^ bI1o)a]>, ^ei ;^1aI:^(216)S. 

1^(^1202 ^7^). 

S. 14^ S. 13-^ £.Al^ miojAli 5]t 7ilAl-¥-(212)Sl -g- ^'^ofl ^A] cm(2l 2A)2l #^£5.Ai, ;Hl2, ... ^ 
N B ;^l't!-^»(220. 222. ... S 224)5. ^^^3^-. 

;^202 ^<9*>7l ^«fl, mio]Al>i 21: :^■^^^2^2A)Si\ ;*fll, ;<112. ... ^ ;»flN b Jfl't!:-¥-l-(220, 222, ... ^ 22 

4)-^: ^11 ^tV^(210)5.^Ei -a^th 5i4 a^S)^ ^A}-^ w )'^ ^(norm)* ^S>al. -^^ 
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5 

W = [Wl W2 W3 . . .Wnb] 



^, 7fln(1^n^N B ) ^1^V^(220, 222, ... £fe 224)^ ^fll ^^-?-(210) S.^^ <a^tb "5^^^ W 



6 

d„= llWnll 



■■^n^] 7 

Wn = [w„i W„2 . . . W^b] 



-r^HI 8 



D= 



d, 0 • 0 
0 d, • 0 



0 O 



;^1202 ^lE.] ;^)^-?-(216)fe •g^'a-¥-(210)ofl>^i '^^^ W )» aflojAl^i ;^1^-^(212) 

«. 7im-¥-l-(230, 232. ... ^ 234)^ ^^^^c^-. 

£ HA]^ ;(fli ~ ;M1N ^ «lE^ ^l^V^-i-(230, 232, ... ^ 234)^ 'S^^^(210)S-?-Ei <a ^ tb ■^'^^ ^ 

4( W )# BflolAl>, n^^(2-\2)S.^B] IN2«- -f-Sl) <a^^# ^^(D )^S. ^^+1- 

BflolAli ri||E^(T )S.Ai #^^cf. ;qin A^H. ^Ei ;^l'a-?-(230, 232. ... Sfe 234)^ *^-¥-(210)^^El 
^ W )<»l]Ai w n * »iil<*lAli 51: :^]^^^2^2)S.^B] <a^^x> |N2« -i-sfl "y^^V ;Hln ^^(d 

„ )^S. ^]^nSL. ;^lAl-€ BflolAli a]El( t n t-^^cf. ^Il-l- -i-^, ^11 '^i.M- «|E1 ;^lA}-?-(230)fe 

*'t!-¥-(210)S.-?-El -a^^w 1 * Hfl<ilAl>t a 7il't!-^(212)S.-¥-El <a^'a/^> IN21^ «a^^V ;.fli ^^(d 1 



- 9 - 



mmm ^2003-0033601 

-f-El w 2 * «)1<^l^li St ^l'a-¥-(212)S.-?-Bl <y^Ta:xV |N21- ^Sll ^12 ^i^(d 2 ^l^Vs^ji, ;H1 

^3^. aflolAliii tflEl(t nb)^'H t'^^'^. 

^'11204 'dr^l^'Hl, ^"^^(214)^ HflolA]^ ^ ^]X^^^2^2)S.^^ %^ D )^ ^S. tfl ^-§-til(SNR:Si 

gnal to Noise Ratio)o11 s]7ls><^ z^- ^fl^-t^ ^'^^Jl. ^"^^ ^^J-oD cfl^ ^^.-l- f>]^5J:*^>«-i #^^^^1- OUTI-i: 
f-sfl ols. 2,;^«.(-,74)^ ^^^Vc^(;,fl206 ^1:^1). oil: ^sfl, ^^^(214)^ El (Water Filling)^oI| 2]7] 
*H «flolAli D oj^St** ^ S^cf. o^^l^i, ^:|Ei ^^(Water Filling)'^^ Digital baseband 

transmission and recording <>]s^^ ^]^■^S. Jan W.M. Bergmans <>H ^^^E) ji Jiiii§(Boston)oll ^^1^ KL 
UWER ACADEMIC #^A>oI| 1996\a2.ol| ^<»fl 7flA]s|cH ojtq.. 

■g- ^^ofl fils]-^, £ 12<H1 nl-<2)- ^e), ;H]204 ^^^l^J- ;*il206 ^'^1<H1 ^^1, ;!fl206 ia-/^l7l- 

;H1204 ^:^S.x^ ^5. Sic)-. 

t!-^, ^1152 ^Til^ofl, ols. ^^^.(-,74)^ ;gjiL a^a^ « (i72)^^e1 ^j^sj. ois-gj-s-oj] ^-g-sM ^-g- # 

^^ ^1)^ ^J:-i-(DPCH)^Sl -^cfl^ 37]1- S^SVJI, 371* ^-g- :*fl^ -tl^*^ UflolAl^i ^E) 

-8-?-(176)S. %%^r:^{4^54 ^7))). 

H 16^ £ lOofl £^1^ ;(fli54 .a^;^]o)l cfl^ ^ ^i^ol] ^^H1(154A)» ^^^}7] ^S.^^}^S.^^, ^-§- # 

el >ifl^ 4ds:l-(DPCH)si S7l» s;gs>^ ^t^H^^ZAO ^ ^i^S?! H7l^ ^fe ^-8- »el ^fl^i 

Sl 17-e- £ 11-^ S.'^]^ 3:'g^(174)fi1 ^ ^^«^ ^Alo11(174A)fi1 ;*il2 ^ ;*il3 'S'-i!-^l-(250 

^ 252)S ^^^€^1-. 

£ 17<H1 S-A]^ ;,fl2 ■^^^-?-(250)fe »lllolAl>i ^S'y-?-(172)S-^El <a^cj^> IN3# -f-*!! <y^t!- om5]tl-<H) ^-g- 
#51 ^J:l-(DPCH)* *<i*>JL, ^-a-^ ^af-i-^ ;(113 '^^^{252)S. #^ tt^f (;Hl240 ;«ll240 ^7^1^<^, 

^13 ^^^{252)^ m •g''a-?-(250)o11>H -^^y-^ (scramble/spread) ^^ll-sf 'S'^VsV 

:a, ^-a-^ 3711- ^-g- ^fl^ ^ij^s-^Ai vi\]o]A]^ ^^a.(T76)^ *^^;^l-OUT2# 

#^t.>cf(^l242 <^7]A^, ^J:<g-i-ol^, riS^-i- <J^<l(Csc)2l- riiSellS ^Jl^(Cs 

P)^ ^4(CspCsc)« sinis>t^, o]^ 2:^Y(i74)«^ Si:n., iq^S-^E] <a^^ ^s. Sic)-. 

-g- ^"^ofl S]^^, S. 17ofl ol^. 3i^-^(174A)fe ^<+^(252)l- ^^^^^ ">^^ ^ 9X^. ^^<a, ><fl242 

^^17> ^}^^^] ^-f , ^, 2:^-^(174A)o1]^i ^113 *^-^(252)7> o>^5)^] ^-f , ;H]2 ^^•^(250)«^ 
^1 's'^^ S:^^ 3711- #el Bi|olAl>ii tf^El ^^«.(176)S. 

^fl154 '^t7^1^o^l, uflolAl^ «!)e1 a^^a.(i76)fe o]^ ^^^(l74)S.-^Ei <a^t!-3:^€ 3711- ^-g- 5fl^ 
-tl^lroll «|]olAli ^5^^-¥-(172)5.-?-El u11<:>lA|:i ^Ell:( T ^-g-^l-jl, ^-g-^ ^^^I^S. ^ 

Bl€ 1-Bl 'il^*S>H 7>'a-^(178)S. t'^^i::K;*lll56 ^:^]). 

S. 18-8: E 11<H1 :£Al^ «fl<il/-l=i ^Ei a)-g-^(i76)Sl -S- ^•^ofl Sit!- €Alo^)(i76A)2l ;Hl4 '^^^(260 

^156 'a-Tlll- ^^*l-7l BflolAl^i aiEl ^-8-¥-(176)2] ;«il4 ^^-¥-(260)^ o]^ 3:^-?-(174)S.^El ^^'ci-?^]- I 

N41: 'Un^ S:^^ 3.7]% N b ^B 2l ^-g- #51 ^fl ^ ^S.io\] AgA^ «.(172)^-?.Ei <U^^ 

Hl]o]Ali ^^^^ T -g^-a^l-Jl. -g-^^^S ^-8- #el ^B^ ^n^T.} OUT31- 

•f-«B 7K}-¥-(178)S. #^^x:l-. 

^1156 "a-^l^ofl, 7>>iV^(178)fe ^o]X\^ ^E^ ^^".(l 76)5.-?- El <a^t!- ^^V^^S. ^-^ #el ^B^ ^3:* 

ofl •y^'^;^)- INI* ■f-'sfl <a^t!- ^^i-cp , (k), p 2 (k), p 3 (k), ... 5J p b (k)]* 7i-'tv*i-3i, 7}^^ ^2). 

-i-* -itEflM-* i^SVfe "il-EilH- <Heilol(180)» -i-^B o]^^(20, 22. ... SEfe 24)o.s. ^*tl-4(^ll58 

^1158 '^-^«V7l ^«B, 7>'5+¥(178)^ B7BS1 7HV7l-i-(n)£.Al)* n]-^^ ^ SJc|.. c^7lAi, Z]- 7>Al.7](nl S-A] ) 
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^S.[P 1 (k), P 2 (k), P 3 (k). ... P B (k)]w 7>^5l-ji, yV-a-S ^VEjm- o^Bi] 01(180) SI ^fl-g-Sl-fe ^S^^i 

^}-Eim-(182, 184, ... afe 186)^ #^^1:^. ^tEll 14(182, 184, ... £fe 186)^ 7}^^07a)2] S|)'3-*>fe 
t>l£Al)oflAl 7}^^ «l|^*>fe ol-S-^(20, 22, ... BE^ 24).^s ^4^^^. 

55. 1<^ 7lxl^(io)2f ;*1132 ^^1 5J ^^l-^^l*^ ^#?!- ^l^^OO^ ^l30 ^^^1 ^ ^-^l^il* 

0)1 ^^-^Sl^l ^0.01, ^^^V Hl.i4 ^01 ;a-7l c}.7l 7l^l^(10).2.S. ^ Si^ 



^<g2l s:4 

oj^oflA-i A^i^^v H><2i. :a-oi, ^ y^igoii 21 1!- cff' s.^^n^ -f-^ ^j-^i ^ 'S-'S-er ^n^si 

^ ^nj. ol-ulal. cflolEf ^(throughput)* ^tfl^A]^ ^ SL^l-* 



(57) ^^21 

^•T^^ 1. 

A1J1S.:?-E1 4€«>Ji, ^7l 71 ^ >^7l ^71 5§JiLl-5..^El UflolAl^i ^S.* ^l^SM ^-g" 

^^1-* ^^^^S. ^elc>j7, >^7l ^:Q^o_s. ^e]€ ^21-21- 2|-<a*.^ ^J:^* 71-Ai.^ :S2l-l- ^71 o]^^ 

^71 oi^g-^o, ^oi£ ^^2^ ^Ai ^Bimi- ^71 7|;^1^^ a)oi£ s>ui.oi ojBim-* ^7] 
01^ ^Al ;g-^i. 

^11 kol^i, ^71 O]^^^ 

^7] 7l;^l^^S^El ^7l ^^1-S.^El >a-7l ;H11 ^>a* ^7] =^7] ^ ^7l ^7] JgiL* 

* ^7l 7)11 S-Aj o.s.?-Ei ^^S>al, l^g^g >a-7l ^7] ^ ^7l Ta-7l ^Ji#* ^^-71 ^IJ^S. ^7) 71^^! 

^^S. ^^t}^ *>fe */^^ s.^s>fe <*1* -f-^ ^^1. 

^T^^a- 3. 

;Hli ^ ^12 ^ofl 5a<H^i, ^71 7l;^l^^ 

^7l tl-Eim* ^71 ^3:S..?-E1 ^7) ^71 ^ ^7] Ta-71 ^ Jill-* 4«€ ^7] ^7l 

^7l ^J-71 5J -^71 ^7l ^.a*S.-^E.1 BflolAl^, ^^o] ajjolAl^^ «lEl«-3)- afl^lAlii, ^^^^JL. A^AJ^ 

^7] ufloiAi^i 5J:l-^.^El 01^.5]^=.^ ^|A^sm HilolA]^^l ^iL ^S^^-?-; 

^7l ols.2J:l.o)| ^^Sfol >S-7l ^-8- §e1 »m ^^^^^ ^tfl^l 37l» 3:^*>J7, l^l"** 

^71 01=. Si^^S.^^ ^71 3i^^ ^2}-*oIl 'S-?! HflolAlii: «|El#* ^^-g-^lJl, ^^H- '8-71 

O.S. ^^e1« ^sfSAi #^S>^ HflolAl>i «I1E1 ^-g-.?-; ^ 

^71 ^^^1 O.^ ^el^ ^2).oll ^71 ^Jll:^ 7VAVS>J1, 7>AV^ ;i2l.» #^S>^ 7>AV-¥-» ^H1«>J1, 

^71 4^Ai ^J:Ellul-i-^ ^71 7>'i!-Ja '8-71 <*1*^^S. ^i=S^«>fe o.^ ^^/^^^-il "aBfluj-^ s 

-i-^ ^^1. 
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ig-^^ 4. 

sJt Til-a-^; 

^T^^ 5. 

71 ujioiA)^. n'^^s. ^^^s. «m */^^ -ji-Bim* -i-^ ^^1. 

W = Q LT A LT Q ST A ^ 

(<^7lAi, Q LT ^ A LT "S-^l ^71 ^iLS-^i, Q LT -B-S:?!- ^J-71 J7-B- tf]El-i-4 H-El-lfljl, A l 

T ^ ^J-71 :ii-B-sH-l- i4e)-^ Ji, Q st ^ t Q st ^ ia-7l ^ iLS-^i, Q st ^ ^-^^ 

71 ji-B- M-El-vH:;!. A ST ^ 'a-71 Ji-H-SJ:-!-^ ^^'^^.) 

ig^^ 6. 

^14 *J-«H1 k^^i, ^7l HflolAlA; St Til-tV-^^ 

;Hn ~ ;«ilN B H7lAi, N B ^ ^Ei ^» H-Ej-^ncl-.) ^1-5+^** ^w|«l-3i, 

^iln(1< N B ) Til-tV^^ ^11 ^-a-^^lMi W =[ w 1 w 2 w 3 ... w nb ^"^^^ 

W n <^ ^-i- ^^\JL. #1^ ^In ^^.^.S-Ai % ^S>J7, 

^11 ~ B ^7) # :5i^ofl aflig-ai.^ o.^ sl-^ ^/^^ ^1* -i-tl ^ 

^1. 

7. 

^116 ^J-^ll Sl^l-^i, ^7] aflolAl^i a)]E^ Til-il-^fe 

~ ^IN B '^i-^ ?il<i-¥-** T^HlSl-ul, 

^^■71 ;Hln ;^lAV-¥-fe w „ ^ ^7l A\ts ^taj-l- ^7] tiflolAli «|Eis.Ai 

^^.^S «l-fe-^/^^ -Jl-EflM-* S.^i\^ .f-Al :^x], 

^=^fs^ 8. 

^fl4 k^^i^i. '^•71 ^^a-^fe 

4^lE-l ^^(Water Filling)'^'^] 2l7l*l-<^ >a-7l aflolAl^i SJl:»S.-?-Ei >3-7l ol^SJ:*^ '^^gsl-^ O-S. ^ 

/T^-il i^f - i^*>fe oi:s. .§.Al ^^1. 

9. 

^13 ^71 o\^ 2:^^^ 

^7] ol^S)t«oll ^7l #Bl -ilJ:** 's'^iSl-Jl. '^^^ 'S-71 ^Sj-l-^Ai >5}-7l HflolAliir 
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ig^^ 10. 

<^l-i- f-^ ^^1. 
11. 

>S-7l olS. ^^«.^«E^ <Q^^ >y.7l ^]o]^.]^ ^Ei-i-^ -g^^VsVal, ^-a-^ ^41- ^7] "E-tt^ 

oi-^ -f-a ^^1. 

^T^"^ 12. 

^7] ^1]^ ^pg o^^^ ^112 O.S^El >^7l :g-7l jgjioll SjUg-gj-fe JL^ Ja-71 i-fr ^E]l-3l. 

^atl: ^7] i-B-a*^ ^'gsVfe ^7) 

^7l ^fl^ S-A^ <y^*V ^V7l 7fl2 S-A^iq- ^7l ^71 ^1iL5.-^El '8-71 ta-71 ^Ji-^fl Sfl-a-^l-fe ^71 Jl-B" 

^7l Jl-fi-Sjt*^- l^Sfe -a-?) :^iL ^ 

^ ^V7l c}.7l ^^-^--i-^-f-El ^ ^7] ^7l ^ ^7] ^7] ^iH-^- ^7] ^S-S. ^^«> 

Jl, -^-71 ^7l -iVtflM-l-^ #^^1-^ ^Hl«>Jl, 

^7) ^^^-Sr^7] «J ^7) -Jl-tim^ S>11= ^11^21 ^^1 «]1^*>J1. 

^7] ojtflq.^ >a.7i 911^ .y^^i- ^71 71^1^0.5. ^^^s. *m ^/t^^ 

^ <^1-^ -i-^ 

^T*-^ 13. 

^112 ^71 o):^^^ 

^71 ^Ai oVEiiu)-i.o|iAi ^Ai^ ^7] ^^aj ^^s.^^ ^7] ^-g- Afl^ ^«*>Ji, 

^7l ^-g- #51 a])^ ^x-i-* ^3: c-1 ^^^s. ti}^ ^/^^ 'LVEflM-^ 

^^^14. 

^112^011 5a<H>HV^7i ^7] jgji 

^71 ^fl^ "a^^ ^^-71 ;»fl2 -^^^^ ¥^«>Ji. ¥^^a ^3 ^^^^S.>H #^e>^ ¥^Y; ^ 

^^71 ^13 ^^^-2.S^Ei Jl-B- ^^-Sofl Sl7lS>o1 .^-71 -B-SLt!: ^7] Jl-R- «3lEi-i: ^ ^7) -B-St!- ^7) Jl-fhStl-* ^S^^ 
i-B- 7||'t}:-¥-l- "^Hlsl-Jl. 

^7) ;^fl3 ^^^^ ^7) ^ >8.7l ^Ai oy^^]^^ ^fl^oj ;a.7] ^A^ofl «l)<g-sVfe ^.^g o.^ g].^ 
-tl cl-f' ^Efli4» i'g-s>fe o]^ 

^t'^ 15. 

^114 ^ofl ^olAl, >a-7l Jl-fi- Tfl-tV-^-fe 

^7] ^13 ^A^^S.-¥-El ^71 al-8- -^^^-^ 2l7l*M ^7] JL^ ^^^:>i^ ^7] al-fi-Sl:^^ -^^d^H ^1 al 
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>a-7l Jl-S- ^A^«.S.-?-Ei -g^^ >S-7l ^71 ^ ^7] Jl-B-Sl:«^ol|>H, -S-Jl H-^ BIlEl 

^S] ^-g-o] ;Hl7l^ >a-7l ^Ell-Jll. ^^o] ^jTl^ ^7] ^^7] JL^ik^^ ^7] ^^7] Jl-R- 

^ ^7) -B-JL?!- ^7] :5i-B-s)tl-s.Ai #^sVfe ^ ^hI^}^ o.^. c^f- ^v^flM-* 

^■T^^ 16. 

^112 ^ofl ^ol^l, >S.7l c}7l ^^-^-fe 

^7) ^11^ ^;g^^«.B] <a^t!-^7l ;H12 ^7) ^J-71 ^iL5.-¥-El ^]]4 ^S^m<^ #^S>fe ^71 ^ 

^7] ;^14 o.s.:^El ji-^ ^^^<^ ^7l 31-B- >a-7l ^7l Jl-R-Sl:-!-^ -S^J^V^ #^*>^ 

^12 ji-a- ■g■<^■?-# ^Hi*i-ai, 

^ '^f' jL«-e>fe oi-i- -i-^ ^Ai. 

17. 

(a) ^71 ^7) -Al ojEflq-t 5).^ ^fll^Sl ^11 ^^i^ t>'^*M ^7] ol:^^o]]Al ^7] ^ C}7) 

^V7l oi:g.^ 0.^«.E1 ^Al t!- ^JlS-^El >a-7| ^7] 5J ^7] ^7] ^iLl-S.-?-E-1 

^ HflolAl^:: 0]^^}0^ l-e| 5fl^ ^J:*^ ^^^JL. -^7] ^7^^^S. ^uZffii- 

^^^18. 

^117 ^ofl xio^Ai, ^7] o]^ ^ig o. 

(b) ^71 7\^]^o_s.^B\ ^7] i^^^E ^3:i-s.^Ei ^7] ;«fli ^7] ^7] ^ >8-7l ia-7l ^ 

^7l ^^*>J1, m^^^7] ^7] ^ >a-7l ^7) Jga-l-g- ^7l ^^-^H ^7] 

^t'^IQ. 

;flli7 Hfe ^^8 Si<H^i, ^7l (a) ^7^1^ 

(a1) ^7] ^71 ^S.S.^B\ ^7] ^7] ^ ^7] ^7] ^Ji»* 

(a2) ^71 ^J-71 ^ ^7) ci-71 ^ ti»S.-?-Ei uflolAl^ ;aioi aflolAli uflolAl^ ^^^^JL. 

^7) HflolAli ol^Stlr* ^<§>a«m ^7i1; 

(a3) ^^-71 ol^a** ^]-%-^}^ ^7) :5i-§- 1-Bl ^B^ -ils-i-^si ^S-cflaj 37]* 2:^*Vfe la-Til; 

(a4) ^7) s^a^ ^71 all^lAlii, «1E)1-^ ^-8-*>Ji, ^-8-€ l^H- >S-7l *?V^^S. ^B]^ 

(a5) ^71 ^<LV^ O.S. Isfoil >8-7l 3|-<a*S ^^1-* 7}^t}(^ ^7] ojEflq-l- ^7l ^ 
^^«J-20. 

^119 Sio^A^, -^-71 (a2) 

(a21) ^71 (a1) -a^il^o)!, 'ih?! ^7] ?J ^71 ^71 ^M*^ •g'^VsV^ ^Tfl; 
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/ 

21. 

^1120 Si-H^i, ^7] (a21) ^Tilfe 

^7) (al) ^71 ^7) ^ ^7) 13:71 ^i*^ 6>efls)- ^g^o] ^av«M ^7] ^^V^a w )» ^sV^l 

, '5J-71 (a22) ^ns. ^^«>fe ^^^^ 'S^/^^ cff- t>EflM-» ol-g-«>fe -f-^ 'S-'a. 

W = Q LT A 1/2 Q ST A ST 

H7]Ai, Q LT ^ A LT ^ "S-^! "S-^l 'SiLSAi, Q lt ^ "^^.^ ^7] 31-^ ^E^-^ ^-Bflfljl, A l 

T ^ -e-Jltt ^71 Jl-a-St-l-* M-El^^ Jl, Q ST ^ T Q ST ^ "S-^l '^71 ^^S^i, Q gT ^ 

71 ol-S- ^Ell-^ ^E^xflJl, A ST ^ '^71 i-B-SJt*^ M-El-vflcl-.) 

^T^^ 22. 

^19 Siol'^l. ^7l (a3) "^n^ 

(a31) ^71 (a2) ^Tfl^ofl, >*7l ol=.5jt»oj| .^-71 #el -g-'t.mjl. ^4*^ ^7l 2:^^ 

<^1* -f-tl 'S-'S. 
^-T^"^ 23. 

;H122 k^H^i, ^71 (aS) 

(a32) '«-7l (aSI) ^;^1<H1a1 ^a).^ ellS. -t^^tV^ ^7l ^^l- 

^^*>ji, ^7l (a4) ^Tim 'a-?il» cl 5!^ ^^^^ «m ^/^-tl cff' <»]-8-«> 

oi^-f-ti 

^T^^ 24. 

^119 kol^^i ^7l (a4) la-^ilfe 

^'-71 (aS) -a^l^ofl, ^71 ^4*<^1 ^7] UflolAlA, tflE^l-^ -S^^V^l-JI, 1^4* ^71 ^7^^$.S. ^I5l^ 

^^^.^i ^71 (a5) ^A]^ ^1«9*>^ ^wlsj-^ ^^^5. ^/^-tl ^VEflM-* *l-8-«Vfe 

^■^-'^ 25. 

^19 -^ofl ^7) (b) 

(b1) ^71 t-VBflM-oflAi ^Aig ^71 3^<a*E ^J:l-S.-¥-El >S-7l ;mi ^7l ;H11 s.a^ 6. 

S.YE1 ;fl2 ^^^^ 'StII; 

(b2) >ih7l ^71 ^j-71 ^^ofl «fl'g-Sl-^ -H-jLt!: ^7l 11-H- «lEll-4 -B-At!: ^7l JL-B-^l-* ^^^V 

(b3) ^71 ;Hi2 ^^^4 >s-7]^7i ^jis.-¥-Ei >a-7i Ta-71 ^iiofl sfl-^evfe ^7] ji-B- ^E-i-i-31- ia:7i ji-fi-a-i-^ 

^ ^?il; 1J 

(b4) ^71 (b2) 5J -^71 (b3) ^;^loI|Ai ^^fiv ^7] ^7\ ^ >a-7i ^7] %7] ?-ll« -tl:£S. 

'3-71 -tl:^* ^71 -jirEflM-* -f-sH ^3-71 7l>^l^o.^ ^JTil* ^alsV^ii, 
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-ti '^f' tpEiiv+s- <^i-8-s>fe -f-^ ij-'a. 

^^^8- 26. 

^125 Siol^i, >a-7i (b) 'ct;^^ 

^7] -jVEflq-oflAi >8-7i ^^V2j O.S. ^51^ ^2fs.-?-El ^71 ^11^ -tlJil-* ^««V^ 

^^i:^^^s. ^/^^ 4^ ^EfluH- i^^^ 

27. 

^125 SU'H'H. ^71 (b2) ^tTilfe 

(b2i) ^71 (bi) 'STil^oll. >S-7l ;^2 ^^^^ ¥^«f:ii. ^3 ^'S^l-^ ^ 

(b22) >^7i ;m3 :a-fj- ^^'a<^ S171S1-^«| ^7] ^S.^ ^7] ul-fr tflEii- ^ ^7] -R-i^ ^7] JE-frS:* 

* ^3>as>Ji. ^71 (b3) ^m}^ ^tTJl* 

^7] m ^^^^ ^7] ^yn^^ *><^ ^ii^si ^71 ^>goi| ^^^s. *>fe 

^ cl-f- -il-Bflq-* «>l-8-*m <^1-S- »9-'a. 
28. 

^127 Si'H'H. ^71 (b22) ia-?im 

^7] (b21) ^iTil^oll, ^71 7fl3 ^^j^S.-^El ^7l oL-R- SItI^Vo^ ^3.71 jl-f}- ^7] jl-fi-St-l-^ ^ 

^71 ^J-71 Jl-R- ^ ^71 ^J-71 i-e-^l-^ofl^i, ^71 -B-Jl Jl-^ ^B] ^nJ^Sl ^^o] ;Hl7l:a ^7] ^^7] JL^ 

^^o] ^17]^ >a-7l ^J-71 i-^Stl:* ^71 -R-jLtt ^71 JL-^ ^lE-H- ^ ^^-71 -R-jL^ ^7] Jl-O-gt 

^7] (b3) ^7ii5. ^^sm "^n* <5j^ ^^-^s s>fe ^/^^ ^^m» '^i-g-^m 

ol-^ -i-^ IJ-^. 

^^«J-29. 

;^125 si'^'^i, -^7] (bS) 

^7) (b2) ^^^<^. ^7] ;^2 ^^^3). ^7] ^7] ^iLS.-¥-El ;«il4 ^^m^ ^n-. ^ 

>a-7l ^14 ji-a- ^^•aofl siTl^H -8-71 ^7] :a-B- ^eli-i). >8-7l ^3-71 ^M^^. ^7] (b4) 

^71 ^14 ^^^^ >a-7i * >a-7i -a-Eim^ «>ti= ^n^si ia:7i sflig-Bi-fe ^^^^ ^s^/^ 

-il i^f' "LVEIIM-* ol^sVfe oi:g. ^Ai 
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